The objective of this experiment was to determine the effects of n-3 polyunsaturated fatty acids (n-3 PUFAs)-enriched diet supplemented with different levels of α-tocopherol on the activities of hepatic lipogenic-related enzymes and the contents of liver and plasma lipid fractions in laying Tsaiya ducks. A total of 180 30-wk-old laying Tsaiya ducks, at the beginning of peak production, were allotted into 6 treatments with 3 replicates each. Ducks were fed one of the 6 experimental diets, containing 4% tallow (control), and 4% fish oil supplemented with graded levels of α-tocopheryl acetate (α-tocopherol) at 0, 100, 200, 300 and 400 mg/kg, respectively, for 6 wks. Feed and water were supplied ad libitum throughout the experimental period. The results indicated that the n-3 PUFAsenriched diet supplemented with different levels of α-tocopherol did not affect (p>0.05) egg weight, feed intake, body weight change or liver and abdominal fat weights. Egg production, egg mass and feed efficiency significantly (p<0.05) improved as dietary α-tocopherol levels increased. The activities of hepatic lipogenic-related enzymes including acetyl-CoA carboxylase (EC 6. 2.
INTRODUCTION
The beneficial effects of the n-3 polyunsaturated fatty acids (n-3 PUFAs), mainly eicosapentaenoic acid (C20:5n-3, EPA) and docosahexaenoic acid (C22:6n-3, DHA), which are abundant in the fish oil, have been demonstrated by numerous reports (for a review see Leskanich and Noble, 1997; Mutia and uchida, 1999; Xia, et al., 2003) , largely as a result of their modulating effects in disease states such as rheumatoid arthritis, systemic erythematous lupus, multiple sclerosis (BNF, 1992) , and in reducing the risk of coronary heart disease (Kormhout et al., 1985; Herold and Kinsella, 1986) . The n-3 PUFAs have been shown to have health promoting benefits in humans (Illingworth and Ullmann, 1990) . Dietary fish oil inclusion resulted in significant increase in the n-3 PUFAs, in particular, the EPA and DHA contents in shell eggs (Hargis et al., 1991; Hargis and Van Elswyk, 1993; Oh et al., 1994; Chen and Hsu, 2003; Lien, et al., 2003) . In a previous study, we demonstrated that n-3 PUFAs-enriched duck egg can be produced by supplementation with 4% refined cod liver oil (RCLO) to the duck diet without affecting the laying performance and organoleptic evaluation (Chen and Hsu, 2003) . However, fish oils are highly unsaturated and readily susceptible to peroxidation when excessive consumption without added sufficient antioxidants (Fritche and Johnston, 1988; Qi and Sim, 1998) . Several studies demonstrated that dietary n-3 PUFAs suppress hepatic lipogenic enzymes by inhibiting enzyme protein synthesis (Iritani, 1992; Clarke and Jump, 1993; An et al., 1995) . Eder and Kirchgessner (1998) indicated that the lipid peroxidation products are involved in lipogenic enzymes suppression and the effects of dietary PUFAs on lipogenic enzymes suppression would be modified by the antioxidant state of the animal. It is well known that the oxidative phenomena can be prevented or limited by antioxidants such as vitamin E and β-carotene. Antioxidants inhibit the formation of free radicals in lipid peroxidation (Burton and Ingold, 1981; Hahm et al., 1993) . Tocopherol, which has vitamin E activity, has been extensively used in foods as a natural antioxidant (Bauernfeind, 1997) . Thus, incorporating tocopherol into poultry products would increase oxidative stability (Lin et al., 1989) . Sklan (1983) indicated that tocopherol increased the contents of triglyceride and cholesterol in the liver of chicks; In vitro fatty acid synthesis from lactate by liver homogenates was enhanced by tocopherol. However, the mechanisms by which tocopherol enhanced hepatic lipogenesis are not completely understood. No information is available about n-3 PUFAs-enriched diet supplemented with α-tocopherol on lipid metabolism in laying Tsaiya ducks. Therefore, we conducted this experiment to determine the effects of n-3 PUFAs-enriched diet supplemented with α-tocopherol on laying performance, activities of hepatic lipogenic-related enzymes and lipid traits in the liver and plasma of laying Tsaiya ducks.
MATERIALS AND METHODS

Animals and diets
A total of 180 30-wk-old laying Tsaiya ducks, at the beginning of peak production, were allotted into 6 treatments with 3 replicates each. Ducks were fed one of the 6 experimental diets, containing 4% tallow (control), and 4% fish oil (refined cod liver oil) supplemented with graded levels of α-tocopheryl acetate (α-tocopherol) at 0, 100, 200, 300 and 400 mg/kg, respectively, for 6 wks. All of the experimental diets were formulated to be both isocaloric and isonitrogenous and analyzed for proximate constituents according to standard procedure (AOAC, 1984) . The proximate composition and composition of the fatty acids in these experimental diets are presented in Table 1 and Table  2 . Ducks were housed in individual cages (25×30×39 cm). Feed and water were supplied ad libitum during the experimental period.
General and analytical procedures
At the beginning and the end of the experimental period, all ducks were weighed individually. Feed consumption was recorded biweekly, and eggs were collected and weighed daily throughout the experimental period. On the last day of the experiment, blood samples were taken from the wing vein of 6 ducks form each treatment. Plasma were later separated from each blood sample and then stored at -20°C pending analysis of various lipid fractions. The sampling and killing of ducks form each treatment was on a rotation basis. The ducks were subsequently decapitated, and the liver and abdominal fat were immediately removed and weighed. Liver samples were placed in ice-cold saline solution (0.9%) and subsequently homogenized for the analysis of the activities of lipogenic-related enzymes and the various lipid fractions. 
Preparation of liver homogenates
Each liver sample was homogenized in 0.25 M sucrose solution containing 1 mM EDTA-2 Na. Then the homogenates were centrifuged (Model 2 K-15, Sigma) at 10,000×g at 4°C for 10 min. The supernatants were centrifuged (Model XL 90, Backman) at 105,000×g at 4°C for 60 min and the resulting clear supernatants were used for assaying enzyme activities and total protein contents.
Enzyme assays
The activities of glucose-6-phosphate dehydrogenase (EC 1.1.1.49; G-6-PDH), NADP-malate dehydrogenase (EC 1.1.1.40; NADP-MDH), ATP-citrate cleavage enzyme (EC 4.1.3.8; CCE), acetyl-CoA carboxylase (EC 6.2.1.3; ACC) and fatty acid synthetase (FAS) were assayed according to the method of Lohr and Waller (1974) , O'choa (1955) , Takeda et al. (1963) , Dakshinamurrti and Desjardins (1969) and Kumar et al. (1970) , respectively. The protein contents of the liver supernatants used for enzyme assays were determined by the method of Lowry et al. (1951) . Enzyme activities were expressed as n mole of substrate converted to product per minute per mg protein at 25 or 37°C.
Chemical analysis
The fatty acids composition of the experimental diets was determined by the method of Chen and Hsu (2003) . Vitamin E contents in the experimental diets were determined by high performance liquid chromatography (HPLC) according to the method of Thompson and Hatina (1979) with some modification. Experimental diets were mixed with ethanol solution containing 1% pyrogallol then shake for 3 min and mixed with n-hexane to extracted tocopherols, and the extracted tocopherols were suspension with methanol. The extracted tocopherols were detected by fluorescence spectrophotometer (Model F-4500, Hitachi, Tokyo, Japan) (excitation wavelength: 285 nm, emission wavelength: 330 nm).
Lipid fractions analysis
The contents of total lipid in the plasma and in the liver were analyzed using the method of Bragdon (1960) . Triglyceride, phospholipid and total cholesterol contents in the liver were determined by the method of Chen (1992) . The concentrations of triglyceride, total cholesterol and non-esterified fatty acid (NEFA) in the plasma were measured enzymatically using an automatic analyzer (Model 7050, Hitachi, Tokyo, Japan) with a reagent kit (Wako, Japan). The concentrations of phospholipid in the plasma were measured by using spectrophotometer (Model U-2000, Hitachi, Tokyo, Japan) with commercially reagent kit (Audit diagnostics, Ireland). Yolk cholesterol contents were determined by the method of Dyer-Hurdon and Nnanna (1993).
Statistical analysis
All data were analyzed by using the General Linear Model Procedures of SAS (SAS, 1988 5 n-3: (C18:3+C20:5+C22:5+C22:6). 6 n-6: (C18:2+C20:4).
7 USFA: Unsaturated fatty acids (C16:1+C18:1+C18:2+C18:3+C20:4+C20:5+C22:5+C22:6).
RESULTS
The mainly and nutritionally important compositions of n-3 and n-6 PUFAs in the experimental diets were altered by dietary fat sources used in the diets ( Table 2 ). The linoleic acid (C18:2n-6) content was higher in the tallow diet than that in the fish oil diet. In contrast, the fish oil diet containing higher levels of α-linolenic acid (C18:3n-3), eicosapentaenoic acid (EPA, C20:5n-3), docosahexaenoic acid (DHA, C22:6n-3) and total n-3 PUFAs as compared to the tallow diet. Table 3 shows the effects of n-3 PUFAs-enriched diet supplemented with α-tocopherol on laying performance of laying Tsaiya ducks. Dietary fat did not significantly influenced laying performance (p>0.05). The α-tocopherol supplementation significantly improved egg production, egg mass and feed efficiency (p<0.05). However, there were no significant differences (p>0.05) on egg weight, feed intake, body weight change, or liver and abdominal fat weights among dietary treatments.
The effects of n-3 PUFAs-enriched diet supplemented with α-tocopherol on the activities of hepatic lipogenicrelated enzymes of laying Tsaiya ducks are shown in Table  4 . Ducks fed on tallow diet had significantly higher (p<0.05) the activities of ACC, FAS, CCE, NADP-MDH and G-6-PDH in the liver compared to the fish oil diets, meanwhile the activities of these enzymes were increased with increasing α-tocopherol supplementation to fish oil diets. Table 5 and Table 6 show the effects of n-3 PUFAsenriched diet supplemented with α-tocopherol on the contents of various lipid fractions in the liver and in the plasma of laying Tsaiya ducks. None of the dietary treatments significantly affected the contents of triglyceride and total cholesterol in the liver, and total cholesterol, phospholipid and total lipid in the plasma (p>0.05). However, the contents of phospholipid and total lipid in the liver, and triglyceride in the plasma were lower in the ducks fed with the fish oil diet than in those fed with the tallow diet; these parameters were increased by increasing α-tocopherol levels in the fish oil diet. In contrast, ducks fed with the fish oil diet had higher content of NEFA than those fed with the tallow diet (p<0.05), and the NEFA content decreased with increasing α-tocopherol levels in the fish oil diet. Table 7 shows the effects of n-3 PUFAs-enriched diet supplemented with α-tocopherol on yolk weight and cholesterol content. There was no significant difference among the dietary treatments in yolk weight (g/egg) (p>0.05). However, ducks fed on tallow diet had higher yolk cholesterol compared to the 4% FO+T400 diet. Furthermore, the contents of total cholesterol (mg/g or mg/yolk) trended to decrease with increasing α-tocopherol levels in the fish oil diet.
----------------------------------------n mole/min. mg protein --------------------------------------
------------------------------------------------mg/g --------------------------------------------------
DISCUSSION
The composition of fatty acids in the diet, in general, reflect dietary fat source. In our previous experiment (Chen and Hsu, 2003) showed that tallow contained more linoleic acid than fish oil, but fish oil contained higher levels of EPA, DHA and total n-3 PUFAs than tallow. Therefore, it is reasonable that the analyzed values of fatty acid compositions in the tallow and in the fish oil diets similar patterns as to those in tallow and fish oil (Table 2) .
Dietary fat did not affect laying performance of laying Tsaiya ducks. It can be seen from ducks fed on 4% tallow or 4% FO diet in the present experiment. This phenomenon also found in our previous experiment (Chen and Hsu, 2003) . Several researchers (Hargis et al., 1991; Meluzzi et al., 2000) have shown that the laying performance of hens was not significantly affected by the dietary fat. The present results are consistent with their findings. On the other hand, in the present experiment, the egg production, egg mass and feed efficiency were significantly improved by increasing dietary α-tocopherol levels (Table 3) . This is similar to the findings of Bollengier-Lee et al. (1998) who indicated that egg mass and feed conversion efficiency were improved when hens were fed diet supplemented with vitamin E. The magnitude of the improvements of egg production were 11.16% and 8.97% higher from ducks fed on 4% FO+T400 diet compared to the 4% TO and 4% FO diets in the present experiment. The results are consistent with the findings of Bollengier- Lee et al. (1998) who indicated that the magnitude of the improvements of egg production were 8.2% from hens fed on a diet containing 500 mg vitamin E/kg. Fish oils are highly unsaturated and susceptible to peroxidation. Lipid peroxides may cause peroxidative stress and affected animal's production performance. Tocopherol is though to act as biological antioxidants by protecting polyunsaturated lipids against peroxidative stress and increasing synthesis of yolk lipids. Bollengier- Lee et al. (1998) indicated that the beneficial effect of α-tocopherol in egg production was associated with increased plasma concentrations of yolk precursors. It was speculated that α-tocopherol supplementation may enhanced synthesis of yolk precursors in the liver by protecting the liver from lipid peroxidation and damage to cell membranes. We also found the lipid peroxidation products in the liver was reduced in n-3 PUFAs-enriched diet supplemented with α- Table 6 . Effects of n-3 polyunsaturated fatty acid-enriched diet supplemented with α-tocopherol on the contents of various lipid fractions in the plasma of laying Tsaiya ducks 4% TO 4% FO 4% FO+T 100 4% FO+T 200 4% FO+T 300 4% FO+T 400 --------------------------------------------------m Eq/L ---------------------------------------------- tocopherol 400 mg/kg compared to n-3 PUFAs-enriched diet without supplemented with α-tocopherol to duck diet (Unpublished data). The present experiment also indicated that the contents of phospholipid and total lipid in the liver tended to increase as dietary α-tocopherol levels increased. There were no significant differences on egg weight, feed intake, body weight change, liver weight and abdominal fat weights among the different levels of α-tocopherol treatments in the present experiment. These results are in agreement with the findings of Bartov et al. (1991) , who indicated that vitamin E did not affect final body weight, egg weight, or relative liver and abdominal fat weights of laying hens. Bollengier-Lee et al. (1998) also observed that the egg weight and food intake were unaffected by α-tocopherol treatment in hens subjected to heat stress. The present experiment indicated that the activities of lipogenic-related enzymes in the liver were altered when ducks were fed different sources of dietary fat and different levels of α-tocopherol among the fish oil diets. Laying ducks fed on fish oil diet had lower activities of ACC, FAS, CCE, NADP-MDH and G-6-PDH in the liver than fed on tallow diet. Diets rich in n-3 PUFAs were well known to suppress hepatic lipogenic enzymes compared to diets rich in saturated fatty acids (An et al., 1995; Eder and Kirchgessner, 1998) . Several studies demonstrated that dietary n-3 PUFAs suppressed hepatic lipogenic enzymes by inhibiting enzyme protein synthesis (Iritani, 1992; Clarke and jump, 1993; Eder and Kirchgessner, 1998 ). An et al. (1995) also demonstrated that dietary linseed oil enriched with α-linolenic acid has a greater effect than safflower oil enriched with linoleic acid in reducing hepatic fatty acid synthesis. Clarke et al. (1990) examined the effect of n-3 PUFAs on FAS activity, and concluded that fish oil results in a decrease in the hepatic abundance of FAS and S14 mRNA. It is well know that fish oil contains higher level of n-3 PUFAs than tallow. On the other hand, it is mentioned that the fish oil diet contains higher levels of EPA and DHA. Thus, it is assumed that the lowering effect of activities of hepatic lipogenic-related enzymes in the fish oil treatments is attributed to the higher levels of dietary n-3 PUFAs. Furthermore, the activities of lipogenic-related enzymes in the liver were also affected by dietary α-tocopherol levels. The higher the dietary α-tocopherol levels, the higher the activities of lipogenic-related enzymes in the liver. It seems that the suppression effect of hepatic lipogenic-related enzymes can be reduced by supplementing α-tocopherol to n-3 PUFAs-enriched diet. Mikkelsen et al. (1993) pointed out that the PUFAs were susceptible to peroxidation and the lipid peroxidation products were involved in lipogenic enzymes suppression. In this respect, feeding diets enriched with antioxidants could reduce, and feeding diets with low levels of antioxidants enhanced the capability of PUFAs for lipogenic enzymes suppression. Hu et al. (1989) have demonstrated that the reduced in vivo lipid peroxidation by feeding diets rich in saturated and monounsaturated fatty acids compared to diets rich in PUFAs and by supplementing diets with high levels of vitamin E. We also found that the lipid peroxidation products in the liver was reduced in n-3 PUFAs-enriched diet supplemented with α-tocopherol 400 mg/kg compared to n-3 PUFAs-enriched diet without supplemented with α-tocopherol to duck diet (Unpublished data). Therefore, it is assumed that the lowering suppression of activities of hepatic lipogenic-related enzymes in the fish oil diets supplemented with α-tocopherol is attributed to the reduced lipid peroxidation products in duck liver. Accordingly, the contents of NEFA in the plasma of ducks decreased by increasing dietary α-tocopherol levels. The higher the contents of plasma NEFA, the lower the activities of lipogenic-related enzymes. Yeh and Leveille (1971) showed that the hepatic fatty acid synthesis was suppressed by NEFA and long chain acyl-CoA. Tanaka et al. (1983) also reported that a positive correlation between hepatic fatty acid synthesis and the activities of lipogenic-related enzymes in the liver of chicks. These phenomena could explain that dietary α-tocopherol levels increased the activities of hepatic lipogenic-related enzymes in the present experiment.
The present experiment indicated that the fish oil diets given to ducks significantly (p<0.05) decreased the contents of phospholipid and total lipid in the liver and triglyceride in the plasma in comparison with the tallow diet, and those compositions increased as dietary α-tocopherol levels increased. The lipid-lowering effect of n-3 PUFAs as a result of suppressed the activities of hepatic lipogenic enzymes and decreased hepatic lipogenesis. Eder and Kirchgessner (1998) indicated that the triglyceride concentration in liver and plasma reflected activities of hepatic lipogenic enzymes. Therefore, it seems reasonable that the observed alteration in the activities of lipogenicrelated enzymes in the liver of laying ducks fed with the experimental diets, were associated with, or perhaps responsible for, the alteration in the liver and in the plasma lipid contents. The content of NEFA in the plasma was higher when birds fed with the fish oil diet than those fed with the tallow diet and it was decreased by increasing dietary α-tocopherol levels. The reason of this phenomenon may be attributed to the fish oil diets containing higher n-3 PUFAs and readily susceptible to peroxidation than the tallow diet, and α-tocopherol would increase oxidative stability in the fish oil diets.
The present results indicated that the yolk cholesterol content (mg/g or mg/yolk) decreased as dietary α-tocopherol levels increased, but no same manner in the plasma cholesterol content was observed. Many studies have examined the relationship between egg yolk and plasma cholesterol levels (See Hargis, 1988) , but have found little or no correlation between the two. Although, it has been suggested that the decreased yolk cholesterol content (mg/g) parallel the decreased cholesterol concentration in the plasma of laying hens (Hsu et al., 1988) , the present results do not concur with this finding.
CONCLUSION
N-3 PUFAs-enriched diet supplemented with α-tocopherol significantly improved the laying performance of laying Tsaiya ducks. The lipid metabolism of laying Tsaiya ducks was influenced not only by the dietary fat but also by the supplementation levels of α-tocopherol.
